MATERIALS AND METHODS
Embryos of Hynobius retardatus Dunn, salamander living in northern part of Japan, were used. The embryos were previously cultured in well water for several days and then transferred into a medium containing MAO inhibitor.
As MAO inhibitors, nialamide (Niamid-Taito Pfizer), pheniprazine (Catron or JB 516-Chugai Lakeside Lab.) and pargyline (Eutonyl Abbott Labs.) in final concentration of 10-"M, 10-5M or 10-6M were used. The medium containing MAO inhibitor was renewed at least twice a month.
The MAO activity in different parts of the larva was examined histologically. Larva, previously frozen below 20°C, was cut longitudinally or sagittally in a cold room kept at about -12"C. The 20 to 40,ca frozen sections were mounted on coverslips and then dried at room temperature. Histochemical detection of MAO was carried out by the method of Glenner et al. (1) .
RESULTS

Appearance and development of ' MAO
The MAO reaction was examined histologically on larvae at different stages in their passage from pre-metamorphosis to late metamorphosis.
Appearance and distribution of the enzyme were summarized in 2. Effects of MAO inhibitor 1) MAO inhibition : Larva, previously cultured in well water containing pargyline in final concentration of 10-4M, showed a marked decrease in the MAO reaction.
( Table 2 ). In the early stage, the MAO inhibition was found to be almost complete in the brain. The yolk sac and lower intestine retained the enzyme activity only to some extent. 2) Effect on growth and behavior : Cultivation experiment for a period of more than two months revealed that MAO inhibitor does not substantially affect the develop mental process of salamanders. The inhibitor did not have any unbeneficial effect on hatching and process of metamorphosis.
The treated larvae swam briskly and well responded to external stimuli. No abnormality was noted in their dietary choice.
3) Effect on skin color: Although embryos were efficiently hatched even in the presence of MAO inhibitor, it was found that the larval skin did not acquire dark brownish color as seen in natural larva (Fig. 2) .
The faded colors of the skin were observed during the first three weeks after hatching. Among the MAO inhibitors, lightening effect was marked with pargyline or nialamide.
Interestingly enough, color response of larvae to MAO inhibitor was not lasting. In spite of being successively cultured in the medium of MAO inhibitor, the larvae restored ordinary color in another few weeks. In the late stage of metamorphosis, therefore, no significant difference could be observed between control and treated larvae.
In order to see whether the skin-lightening elicited by MAO inhibitor is dependent on stage of the development, early or late larvae hatched in well water were transferred into a new medium containing MAO inhibitor. Tadpole larvae were also treated with MAO inhibitors in the same manner.
When incubated for 24 hours in a medium of pargyline 10-'M or pheniprazine 10-'M, early larvae were slightly bleached. Tadpole larvae were moderately bleached in 48 hours. Late larvae, however, did not show any color response for a week. In this respect, salamanders seem to be hatched well prepared for life . Of course, the larvae have to adapt themselves to environment from the day they are hatched and have to feed freely as soon as possible. Therefore, the existence of MAO may be of some survival value to this animal. The present work suggests that MAO is closely associated with digestion-absorption system. This assumption can be justified by the following facts. In early larva, moderate MAO activity can be detected in the yolk sac which is known to participate in absorption of yolk. In late larva, the enzyme gradually tends to concentrate in sites for dealing with foreign compounds.
However, it seems doubtful whether this enzyme is indispensable to survival. Actually, larvae can grow up in the medium of MAO inhibitor. And the treated larvae are seemingly normal except for color of their skin. In our experiment, larvae were no longer alive in the medium of pheniprazine 10-4M. However, this does not necessarily indicate the indispensability of MAO to survival, because the other treated larvae survived for a longer period under circumstances where MAO activity in the organs had been markedly inhibited. Therefore, fatal cases caused by pheniprazine may not result from the MAO inhibition but from a direct toxic effect of the drug on the animal.
It is well known that catecholamines as well as MAO inhibitors are capable of producing localized lightening on the amphibian skin. Evidence has been presented that these agents act on melanophores and cause aggregation of melanin granule.
Scott (2) has suggested that catecholamine released from the aggregating nerve fibers may be a chemical transmitter and MAO inhibitor may act by MAO inhibition.
In the present work, the skin-lightening effect of MAO inhibitor could be observed accidentally. Consequently, direct action of MAO inhibitor on the larval skin was not examined. However, it is felt that there is a qualitative difference between the present results and the data reported by some investigators. Our in zizv studies have shown that this phenomenon is demonstrable only in early stage of larva. Late larvae previously cultured in well water did no longer respond to MAO inhibitor. There is no reasonable explanation for it, but such a developmental variation strongly suggests the hormonal control of melanocyte cells.
Melatonin (N-acetyl-5-methoxytryptamine) isolated from bovine pineal gland (3), one of the metabolites of serotonin, has recently been reported to act on the frog skin as the most potent lightening agent known.
According to Novales (4) , it is approximately 105 times as potent as noradrenaline. Although melatonin has not yet been shown to be present in the frog, it is very likely that this compound is a naturally occurring hormone in the amphibian and may be acting as an antagonist to melanocyte-stimulating hormone.
When the deaminative oxidation of endogenous serotonin is blocked by MAO inhibitor, other metabolic pathways may precede and thus melatonin may possibly be made. If this concept is valid, it can be said that MAO inhibitor has a dual action on melanophores (i.e., operating at the melanocyte level and at the hormonal level).
On the other hand, Blaschko et al. (5) and Arioka et al. (6) reported that serotonin or tryptamine is convertible in vitro into colored substances through mediation of MAO.
Our previous works (7, 8) suggested that the colored substances are derived from an interaction of serotonin with its deaminative product. Provided that this condensation reaction happened also in vivo, formation of pigment through the serotonin pathway might be blocked by MAO inhibitor. Therefore, skin-lightening action of MAO inhibitor may partially be explained by this type of enzyme inhibition.
SUMMARY
The appearance of monoamine oxidase (MAO) and the responses of cultured embryos to MAO inhibitor have been studied on the embryos of Hynobius retardatus Dunn, salamander living in northern part of Japan.
1. Histochemical experiment revealed that detectable amounts of MAO have been found already in early stage of larva. Overall activity of the enzyme tended to increase in parallel with the process of development.
2. The embryos were well hatched and grew up in the medium containing MAO inhibitor without manifesting severe pathological changes. On the larval skin, however, MAO inhibitors have been shown to act as skin-lightening agents.
3. On the basis of the present study, a possible role of MAO in the developmental mechanism and mode of the skin-lightening action of MAO inhibitor were discussed.
